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I~~Ui4CThe effects of hyperbaride helium~ (21 ata) on -the in-vrit'rao -icrosoma-l 7metabo-

-1Lis:mof% Morphine was invest~igated, using liver homogenates frb-mmale Sprasue-Dawley
rats- -Incubated with 1-4 C-orphine -at 37-"C In specially designted pressute Vessels.
_Ptbssurized-incubations were perform~ed by charging the vessels withi a gas mixture
-of-0.98% oxygen -in helium, to a pressure-of 294-_psi-. -Control incubaticns-were
Porformed -by flushing -the vessels with a-gas mixture of -80% helium-20% oxygen, at -a
pressure of 1 ata, but-were otherwise identical-to pressurized experinzents. Xor-
-phine and:-iiieta-bol-ites- in the- incubation medium were sep;ýrated -by thin layer chroma-
-tography after extraction in appropriate solvents, and were quantitaredb i~i

sc~hin 11ation couniing. These techniiques allowled evaluation- of both glxcuronide
form~ation- and -N-demethyluti.'n of- morplhiue. Under conditions where rnicrosomali en--2
_yme concentration .,as rate limiting, it -was found that- therre were no differences-
'in gl.ucuronilde.- or noemorphine formation. between- -control adpressu~rizec- incubationsa. 9
-When substrate concentration wa s ma,.-de- -rate limizing in--order to calcu'lzte NIcehacli s
-Neanton kinetic constants, it was fouznd-that hyperba-ric he.ium did-rot al14t er -thc
kinet~ic constants-for *Ath reaction.!~
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MierosmuI metabolism of aerldme in a hyebai helium earrkoemmte"

i(Recered 6 August 1970; accepted 16 October 1970) 4

As MAN begins to explore the continental sher at depths of 600 ft or geater, it is inevita6le that his
confrontation with the environment will result in conditions demanding immediate treatment with
drugs. Treatment will be necessarily administered at depth since safe dccompression may take 2
consilcrablo time period. lcz=uc of nitrogen's narcotic clibet at depths approaching 250 ft, an
atmospherc in which nitrogen is at least par•ially replaced by helium must be used in depcr saturation
diving. A helium-oxygen atmosphere has been shown to support lifc in man at pressures equivalcrt
to 1500 ft( and in animals to 4000 ft' without appzrent ill elTects. Due to the change in gaseous
environment and the possible effects of prcssure per se. it is conceivable that a drug's intcraction with
man may bc qualilatircly and/or quantitatively dilrctent at depth than on the sudtace. The effect of an
environment of 20.8 almospherem absolute (at.a.) or helium with 0-2A?.*.of oxygn on tle abilityof rat
liver microsomcs to mnetabolize :-,)rphinc was undertaken as an inlero approach to this problem.

Fron' this investigation it was con•ludcd that hypetbaric helium does not affect the In tPro metabol-ismn c tmorphine-,

NIA Sp.•.ue-Dh wly rat. (180-M0 #) wert decpitae,. and thIct liven were removed and placed
Sin •eo14jold solution of 1.15'IS K,0CI.02 ! trWLbutfTr (pH! -- 7.4). The livers %we blotted, wclghed.

'From the Bureau of Medidinde At Surgery. Naval Departmert, Research Task No. MR005.22-
Ot (IA. The opinions or essertions contained herein are the private ones of the author and are not to
In' construed as official or reecting thie iv $s of the Navy Department or the Naval Service at large.
| -c experiments were conducted according to the prindce. enunciated In "Guido for Laboratory
Animol Faciltirs and Cau".
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and minced. and th~en homc~geniaed in 2 vol. of KCi-tris solution using a 1 lass homogenizer with aI
Teflon pes~le. The honiogcnate ivas centrifured a, 9000.c [or 20min ina Sorvall Wcriscratedocentrifluge.
Thc superaatant fraction %%as then centrifuged at 15O.O X- for 1 hr in a Bleckman L-2 ultracentrifugef
(fixed angle rotor NJo. 50). one-half of the supernatant fluid was discarded and replaed by 3 vol. of
KCI-tris solution so that in the resusfpcnded mixture I nml contained the equivalent of approximately
230 mug of wet liver. Vic microsomes v ere used immediately for studies of drug metabolism. Protein
was determiined according to the mecthod of Lowry e aI.

A stock solution of radioactive morphine was prepared by dissolving 1S mg of "C-morphine
(9-2 mcim&. Mecrck, Sharp and Dohmc Ltboratorics) in 100 ml of water. Fresh mnorphine solutions
were made cach day by diluting an aliquot of thc stock solution -, the appropriate stren.-th with
nonradioactive morplhine-HlCl and WC-tris solution.

Three Pit of incubation micdium. contained 1-00 mi NAD. 1-32 mg NADP. 10-32 ing isocitrate,
5-03 mug MSCI.. (0-5 ml of 0,05St NIolut ion), 12,00 mg uridine diphosphate glucuronic acid, sodium
salt (LIDPGA. Sig=a Chemical Co.). and 36-33 rug of tris-IICI (2-46 ml of 02 NM tris buffer, pH
7TO. Ali of the biocheniica.'s cxivpt UDI'GA %%ere ebtained from Calbioch-cm.

Small weighing bottles. cacti Lontaining I mnl of microsomal suspension combined with 3 mlI of
incubation medium. wecre placed in specially designed pressure ve~sels' in a 37' water bath. The
vessels w-cre pressut~zed to 794 p~~~.(21 at~a.) with a gas mixture of 0-98%*/ oxygen in helium. After
equilibration for 8-10 ruin. I mlt of the prewarrued radioactive drs~g solution w4as injected pneumatic-
ally' into the vessels. and metabolism %vas allowed to proceed for a predetermiined period of time.
after which the vessels -were rapidly decompressed and samples were taken for determination of
formialdehydec and radioactivity. Control experiments %er carricd out in exactly the same manner.
but the reaction mixture was exposed only to I zt.a. of a 20%/ oxygen-SO% helium gas mixture. On
each day the inicrosomal suspension prepared from orne animtal -Aa-s used to carry out pressurized and
central incubations. and each dav the orde~r in sshich pressure or control conditions were imposed wAas
alternated.

From thc S nil of reaction mixture in each vessel, duplicate 1-8-min aliquots werec used for deterrina-
tion of formaldehyde according to the muthiod of Nash." In addition, duplicate 0-S-mI aliquots wevre
added to separate polyethyicnc centrifuge tubes. each containing 0-1 nil of 0-1 N NaOl( (fina;l pH1
8-5), and 8 ml of a mixture of chloroform. isopropanol. and isoamyl alcohol (90:9: 1, by -.ol.). The
capped tubes %vere shaken for 30 min and theni centrifuged to separate the two phases. A 0-2 mlt
aliquot of the aqueous phase wvas mixed with 0-5 rmt of hydroxide of hyamnine in a scintillation vial,
to -. l0ic1 w-as then added 15 nil of modified Bray's solution (toluene. 1000 ml; dioxane, 1000 ml:
methanol, 600 nil: naphihalene, 20S V; PPO. 13 g: POPOP, 0-26 g), Radioactivity was estimated by Z
rccordirg at least 500 counts per vial with a Packard Tri-Carb spectrometer.

Morphine and metabolites in theaqueous and organic phases were separated by thin layer chromato-
graphy (TLC)as described by Yoshimura et cl.6 Silica gel. 250 is thick, wvas used, with a solvent system
of n-butanol-acetone-acetic acid-S% ammonium hydroxide-water (45:15:10:10:20, hy vol.). To
exposed morphine and its mectabolites, the ThC plate w-as sprayed with iodoplatinate solution (10 ml
of 10% platinum chloride solution plus 10 C KI, diluted to 500 mit with water).

An apparent dissociation constant (K,.) and the maximail velcity (E.,,) and their standard errors
were obtained by fitting the data to the Miielaclis-Mcnton nodel' using a nonlinear regression
analysis com~puter program written in BASIC language.,' This program treat-d the data in a manncr

*very similar to that described by Davies ci al.* Initial values of J.. and U,.. t-cr found by using a
linear least sqtcsrc program to (it a straight line to the reciprocal plot of the data (Lincweaver-
Dlurk plot, i/v v. I1s), These initial vnalues were used as estimates of K. and It.,, in thec nonlinear

w..~ $regression program -%hich utilized a Taylor series expansion to give an improved estimation of' the
constants K.. and V-.,. Differences betweecn pressure and control groups were analyzed by a paired
comparison,

In the intact rat the mnain mectabolites of morphine are normorphine and the Slucuronides of
inorphirni.' The formaldehyde formed dluring incubation of microsorues wiht morphine %-As takn as; a
me-asurc of N-dlcmcthylation of morphine to norinorphine. The morphine glucuronides formed were
determined by extraction of free "IC-morphine from a basic aqueous solution to an organic phase,
leaving "C0inorphin'n glucuro.,ides behind. Corrections -.%ere made for- uncxtracted morphine and
formialdehyde, and fo~r background. A tinw course study is summarized in Table 1. At no time wa1
there a significant differ-nce beotvecn pressure and control groups in either glucuronide formaition or
N-dcrmthyla~tion.

Six coneentratiotis ofrunrphine ranging from 0 i0 2-0 ahl were used to determin-a kineticconstitnts
tor mroyphine metabolism under pressure and control conditions. An incubation time or 7 muin was
use4 In these experimecnts. Tne apparent K,, and the appar-ent V.,, for bQth the N-demcthylating

v (j) (V)I(s + A:), where s substrate concentration and v -rate of reaction.R
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TAI8L 1. Enr'Cr OF HIIYERBARIC HELIUM ORt 1W MrADOUSM OF MORWPIENS

N.Demethylation Glucuromde formation

Minutes of Effect on Effect on
IncubAtion Control -alue* mezAbolbmt P* Control value* metabolismt PS tA

1 -20 0-03 > 0-4 0-6.4tk16 0-16 > 0,05
2 1-00+0-21 -0-04 > 0-1 0-76±0-21 -0-19 > 0-1
3 1-34.+0-18 001) > 0-5 1-39+0-22 -0-01 > 0-e
5 2-28±+043 -"-03 > 0-5 2-32±0-29 0M06 > 0-5
7 2-89±0-47 004 > 005 2-73±046 -0-16 > 0-5
9 3-58±0-51 0-01 > 0-5 347-+0-39 0-13 > -05

* Meaom : S.E. (m-smoleslmg protein). ni 6.
t Diffrence In metabolism (pressurized mbws control; m-jmoles/mg protein) for each expermeW n

Values represent mean differences of six experiments.

:P relers to apaired comparison between pressurized and nonpressuruzed groPs.

TAILS 2. E"= Or HYPMBEWRAC IgUJUM DN •B K MotAN OF UORPW META O

Metabolic PAvssure Control presure Control
pathway (21 ata.) (I at.a. Pf (21 aL.) (I a&W.) P#

N.Demethylat•on 0-54±M 0-54:004 > 0- 4-36:EO-21 446±0-25 >0-S I
Glucuronide

forroation 0-25+0-02 0-23±0-02 > 0-2 3464±0-35 3-37±0-36 > 0-2

lIncubation time used for this assay 7 min.
St Mean (mM) ± S.E.. x = 9.

: Mean (m-prnoles/mg protein/7 min) ± S.J, ov 9.
5 Prefers to a paired comparison bet%%en pressurized and control groups.

system and the glucuronyl transferas= system are shown in Table 2. Theme were no significant differ- I *
ences bctween pressure and control kinetics.

In pfeviots work. hyperbaric helium -as found to stimulate the rate of oxidation of hexobarbital
by rat livr microsomes during the first 10 min of incubation. * The NADPH-rcquiring aliphatic
hydroxylation s)stem that metabolizes h"obarbital is probably closely associated with the N-
demethylase system, but may be more dti"retc from the glucuronide forming systemr.° Neverthcless
the present study did not recval any effects of a hy7rbari; atmosphere on the initial rate of meta-
bolism of morphine or on the kinetic constants. K. and V.,, a.sociated with the ,N-demethylase
system or the glucuronyl transferases Other evidence ofan effect of helium on oxidative proccsscs was
reported by Cook.I who demonstrated that helium at I at a incr the ratedof glycolysis in m
liver h{wmogenates undergoing oxidathi metabolism. One at.a. of helium increased the rate or oxygen
consumption and decreased the developmu t time of Droophila and Tenbro, and also increased t'ic

' rate or aerobic metabolism of various reptiles and %%-bole mki " Con-vrsely. the rate of anaerobic
metabolism in mouseliverslices was decreased by I at.a. ofhelium.' Helium at IS0at.a. inhibited the

Srowth rate of Hela cells in monolayer cultures,W3andat 30at.•. depressed thegrowth rate or the mold,

The results of the present investigation are in agreement with others whao have found that hehimw
does not affact dmg action. The toxicity of several drup was not altered in rats and mic exposed to
192 ata. of heliW3," and there ere no significant effects on the elects d ricardlW U and on the toxitk.

*0. K. HAmNA?8. and S. 1. SIwwAStr, unpublished oheemdonsm
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io cardiac glycosides in cats or rats exposed to 19.2 ata of helium.* However, other pharmacological
aspccts of drug action may be influenced by a hyperbaric t.vironment. Indeed, hyperbaric helium

t (69au.a.) enhanced fth rcsistaticcof rcvetalstrainsof S. aureuttopenicillin.Aý In addition. Small etal.*
"2 found that the chronotropic response to nuabain and digoxin was slightly altered in guinea pigs

exposed to 19.2 ata. of helium. Moreover, prolongedexposureof mcn toahyperbaric helium environ-
ment may result in enzyme induction orer decrease in the amount of enzyme. Thus, drug metabolism
might be altered under such conditions even though acute exposure, as shown in the present In vitro
experiments, does not ailer activity or kinetics of selected en..yme systems. Therefore, additional
research is necessary to ascertain that hyperbaric conditions do not affect the actions or drugs that
"might be used in an underwater habitat,

Aeknooledgemeons-The authors wish to thank Mrs. Unda Martinez for her excellent technical
assistance, and gratefully ackrowledge the gift of 1 'C-morphine by Merck, Sharp and Dohme *

IAboravirics, Rahiway. NJ.
P wmto1W DkPui% Lt W. WorI"•.m

N•w Medtl* Rexearch Insuitle, A. SmAwz.
Nditowl Naro! Medico Center, lthesida Md. 20014, U.S.A.
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